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A new method has been devised 
by NMFS to increase the survival 
of j uveni le sa lmon . 

Collection and Transportation System 
of Juvenile Salmonids 
Evaluated at Little Goose Dam 

PARKER S. TREFETHEN and WESLEY J . EBEL 

BACKGROUND 
AND OBJECTIVES 

Sur vival o f j u ve nil e sa lmo n - as well 
as s tee lh ead tro ut- in th e S na ke Ri ve r 
has declin ed s igni fi ca nt ly in recent 
yea rs owin g m a inl y to gas bubble dis­
ease, a co nditi o n caused by supe rsatur­
a ti o n o f the ri ve r with nitrogen a nd 
o th er di ssolved gases from spillin g of 
water a t d a ms . Befo re Lowe r M o nu ­

me nt a l a nd Littl e G oose D a ms were 
bu ilt. ove r 90 pe rcent of th e yo un g 
salm o n m a naged to su rv ive th ei r sea ­
wa rd mi gratio n dow n th e lowe r Sna ke 
R ive r. 

The te rm " ni trogen s upe rsaturati o n" 
has fa ll e n int o co mmo n use (l a rgely 
through con ve ni e nce) to descri be a 
co nditi o n k now n as excess ive to ta l di s­
so lve d gas p ress ure. Because a ir is near­

ly four-fifth s nitroge n . refere nces to th e 
gas supe rsa tu ra ti o n p roblem have in ­
va ri a bly hi ghli ghted nit roge n . eve n 
th o ugh th e sum of a ll gas pressu res is 
actu a ll y in vo lved . M os t of the Colum­
bi a R ive r (and a majo r po rti o n of th e 
lowe r Sn a ke Ri e r) is now a series of 
impoundme nts. o r d a ms . The lo ng 
succes io n of pools no lo nger p ro-

Figure 1. - Gas bubbl es beneath skin on 
head of young ch inook salmon . Wh en bubbles 
burst , infect ions may set in and kill the fish. 
Gas absorbed into blood stream will cause 
emboli , wh ich can b lock circulatory system 
and cause dea th . 

vi des th e c irculati o n necessary for 
ra pi d re lease o f di ssolved gases. V ir­
tu a ll y a ll of the C o lumbi a R ive r below 
th e U .S.-Canadi a n bo rde r an d ma ny 
mil es of th e lowe r Sn a l,. e R iyer are 

sea o na ll y su persaturated to varying 
degrees. de pendi ng o n ri ver flo\\ sand 
amou nt of spi ll di scharge at the dams. 
"Gas bu bb le d isease" in fish is simi lar 
to th e "bends" in deepsea di\ers. Fish, 
however. can co ntrac t the disease 
me re ly by rem a inin g in supersaturated 
surface waters. An example of gas 
bu bb les in a youn g fis h is hO\\n In 
Fi gu re I. 

Reservoirs , o r poo ls, dela) the mi­
g ra tio n of ju ve nil es by prolonging their 
exposure to hi gh c o ncen t rations of dl',­
solved gases. predation, and ot her 
adverse conditi ons . Suc h losses over a 
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FI SH PROTECTIVE SYSTEM 
AND FACILITIES 

.... t Litt le Goo">e Dam the \ 'lung It,h 
are dl\e rt ed from turhine Int.tke, II1Il) 

II1ta" e ga te\\e lh h\ meam "I tr.t\eIIIlI! 
,creens (F igure J) r rllm the g.tte\\ \I . 

th e t1 h pa,,>,,> t hrough a uhmerged <In­
tiee 111 10 a b) pa" pipe ( f igure -+1 ,1Ild 
a re rout ed dfllu nd the ddm t" d ullkv 
lion a rea (F-i gure ~) helll \\ tht.: P(1\\d­

ho u,,>e. t lh l' pLltnt the II h <lrt.' either 
re leased Int ll the tailrace llr tr,lTl IerrLd 



WASHINGTON 

OREGO N 

\urv l va l 01 trud,-tran\porteu fhh \.\-a\ 
ahout tWice that of tho\e 1l1lgrat lng 
naturall} uown\tream ~ur\lval of 
fi\h tran\porteu uuring perJou\ of 
heavy \plll\ anu high ga\ ~Uper\alUra­
tlOn \.\-a\ ahout three time\ that of non­
tr,1I1\porteu fJ\h 

EVALUATION OF THE SYSTEM 

Return\ 01 mar\.;eu auult l1\h pro\lue 
uata on the ellcetl\ene,>\ 01 the \}'>tem. 
Ju\enlle\ ,Ire Illar\.;cu at the collection 
area ( I igun: (,) \\ Ith .J coucu magnetic 
v.lre tag. a cr~o-hranu. anu an aUlpo\e 

lin clip. ontrnl group" arc rck.J'cu 
Figure 2.-Transportation roule (heavy black arrow) from Little Goose Dam to Bonn eville tailrace 

to a tan\.; true\.; and tran porteu dov. n­
stream around hazardous area~. 

Developmental tudics by 1 F 
personnel at Ice Harbor Dam leu to the 
design of the collection and transporta­
tion system. Tests had indlcateu that 

Figure 3. -Inclined traveling screen shown 
in operating position on deck of dam. Hy­
draulically operated arm is withdrawn to 
permit lowering of screen through gate well 
slot. 
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Submerged 

Figure 4 - SectIOnal vi ew of powerh ouse 
shOWin g tra veling screen In operat Ing pOll· 
tlon Within tur b ine Intake 
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a bove a nd be low Littl e G oose Da m ; 
tes t g ro ups a re tra nspo rted by ta nk 
trucks a nd re leased be lo w Bo nnevill e 
Dam. Nea rl y 400.000 fis h we re ha ndl ed 
in 197 1 a nd about 900,000 in 1972. 

Wh en adul t fi sh return to Littl e 
G oose D a m th ey pass thro ugh a specia l 
dev ice in th e fis h way th a t de tects th ose 
with a wire tag a nd di ve rts them into 
a ho ldin g a rea. H e re th e bra nd (F igure 
7) is read a nd it is dete rmin ed wh eth e r 
th e fish had been tra ns ported a nd re­
leased d ownstream o r had been re leased 

----.... 

a t th e dam as a control. Identifiable 
fis h a re th e n re leased to continue their 
mi g ra ti o n upst ream. If the brand is 
not legible, th e fish is held in a hatcher) 
until spaw ned. T he wire tag is then 
re m oved fro m the snout and the color 
code read for determination of the 
re lease site. Spawni ng ground surveys, 
condu c ted in cooperation with State 
fis hery agencies, provide data on 
adults th at pass L ittle Goose Dam un­
detected. Further data are obtained 
fro m recoveries in the commercial 
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Figure 5 . - Coll ection area Inlo wh Ich ftsh 
are tr ansferr ed through a pIpe conduit (lee 
arrow ) from tu rbin e intake gale welll Here 
fi sh are graded by sIze and held In long 
raceways for inspection and marking 

fi~her) In thc 100\cr (l)lulllhia RI\er 

and from thc '>port fi"her~ In the ')na"e 
and Columbia RI\cr\ 

Returns in 1972 of e..trl) -maturtng ( I 
year in the ocean. "jac"") 'teelhe~tJ 

trout, rcle~eo a~ ju\entlc,> In 1')71 .It 

Little Goo~e Dam (controh) anJ at 
Bonne\ille Dam (tran~porteJI. ..Ire 
encouraging. hinoo" ... almon rCCl)\Cr­
ed thi year havc been too i"c"" lor l.l)lll­
putation of benefit ratio ... oue to tram­
port , but prelimtnar) e,tllllatC\ l)1 

benefit (basco on reco\crte ... of .127 
fish) computcd from trout rcturn ... In­
dicate that ~uf\ival of tran,rortco 
fish wa 61 percent greater than that 
of nontransported fi~h. Shoulo futun: 
returns of adult flsh 1'0110"" thc \anll: 
pattern as in past )ear ... at Icc Harhl)r 
Dam (confluencc of Sna"e and Cl)lulll­
bia Rivers). final estimates of Increa,co 
urvival of salmon and trout-attrthu 

table to transportation In 1971 ... hl)uIJ 
exceed 100 percent. This pro.lectll)n 1\ 

predicted on e\ loence that tran'rort/ 
control ratio~ are higher for 2- anJ ~­

ocean fi h than for Ji.tc"~. 

Figure 6.-lnt erior of marki ng shed near col­
l ection ares wher e young fIsh are branded and 
wire tagged in assembly li ne. The fish are 
pu mped into hold in g ta nk from raceway I, 

anesth etized , and diverted to fish marking 
stati on s. Atter processing , the fish are 
transferred by gravity flo w through pIpe onto 
tank truck . 



Figure 7 -Cryo- br and on adull steelhead 
trout FIOh h ad returned to Little Goose 
DIm Itter tllVl ng been c aught and branded 
•• th dam dUring It I Juvenile stage and 
tran.ported downstream be low Bonneville 
DIm 

! I h !) e dunng the .:olle.:tlon 
nJ Ir pl r' pn1.:e, dppear main!~ 

rd.Jlt:d tl JL L..Ilmg dnJ (,(her ph\ ", ':.11 

1F'lur ~ 1 I rcduu~ !Ih,e, Juring (I, II e.:­

II 'n .tIld Ir..ln Pll rt , the ,(LIlT" deter­
ill I 11 If' \,..1.1 \,. ( I InJUrte, anJ tre."e, 
m urrt: 1 '1 I. h \\ htle the\ .tre ht.:l ng 

111 Il:J Ill..l r keu , tr.1Il pl)fted, l'r re-
d I... Ired \\ here J':'':LlI i ng 

L IlJ Iht:lr CJ ll e, hol\c been pln-
PI IIlIL 1 ,n • prt.:\cntl\ c' ,tep' ,Irc unuer­

P "lIll III Irc' , ,If<: IJentified 
1 h h 11 It! dleml In "ud,e'. ,,1 

fa r th c re I~ little indication that in­
uea~ed ' tre,~ ~eriou~l) affecb ~ur ­

\ 1\ al 

FUTURE PLANS 

1 0 muea,e th e capa bilit ) o f the 
,), tem Illr dl\erlln g fi,h from turbine 
int a h. e, a t little G oo, e Da m . th e Corp~ 

llf I::ng ln eer~ " .:urre ntl) In,taliin g ,I\, 
add itill na l t ra \elln g ,creem. complet­
Ing the ~c ree nin g o f th e three turh,ne, 
nl'\\ o pera tin g a t th a t project. \\lith 
the Incre,l'led ,creenln g ca pa bdlt) . up 
III l)() pe rce nt o f the ml g ra nh could be 

di\erted from the ri\er \\ hen no spill­
ing Llccur~ . In 1975. fish passage facil­
lIie ~imilar 10 those at Little Goo e 
Dam \\ ill commcnce operation at 
Lo\\er Granite Dam about .+5 miles 
up tream . Ultimate management 
deci~ion~ concerning the future e\'­
tension and application of the tran -
port concept mu -t a\\ ait the re ' ults of 
ongoing studies . For the pre -ent. onl) 
a minor fraction of the IOtal migration 
is being u~ed to e\aluate the s)stem. On 
occa~ion . additional fi~h ha\e been 
tran~ported on reque -t of the manag­
ing State fisher) agencies. principall) 
during periods when dissol\cd gas 
concentration~ in the ri\er arc at le\el$ 
dangerous to tlsh . 

The need 10 pre\ent lo~~e., of young 
l1,h \\ ill increase in the future a~ ri\er 
fl o \\, arc more controlled . spilling at 
dam, decrease~. and a greater propor­
tion of the sea\\ ard migrants arc forced 
thrl1ugh turbine,. To pre\ent losses of 
fish Crom turbine passage. the Corp~ llf 
En gineer, propo~e, installation llf 
,creen~ in the intah.es of a number of 
dam, 10 bypa,s Ihh around each pro­
Ject. Implementation of these plan' 
\\ould again depend lln the re~ulh of 
,tud,e, b) 1\1 FS to determine efTec­
tl\ene" of the tra\eling ,creen, and 
b) pa" ",tem,. 
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